The major influenza A virus structural antigens, matrix protein, nucleoprotein, haemagglutinin and neuraminidase were measured rapidly and accurately using a rocket immunoelectrophoresis technique. Virus was disrupted with 1% (w/v) sodium sarcosyl and electrophoresed into agarose containing specific antiserum to the individual virus structural proteins in 0"05 M-barbitone buffer, pH 8-6, for I to 4 h. For haemagglutinin antigen assays statistical analysis indicated that the coefficient of variation within an immunoelectrophoresis plate was 8.0% for antigen concentrations in the range I5 to 40/~g/ml protein. For haemagglutinin and matrix protein the method was sufficiently sensitive to measme concentrations of antigens as low as I-5 and 2.o/,g/ml respectively. By incorporation in the agarose of mixtures of antisera against specific antigens of the virus, haemagglutinin, matrix or nucleoprotein could be assayed simultaneously.
I88
Short communications collected z weeks later. Sera were demonstrated to be monospecific for the respective influenza virus antigen by immunodouble diffusion analysis as described by Schild, Oxford & Virelizier (I976) . For quantitative analysis by rocket immunoelectrophoresis a preparation of purified virus to be used as a standard and unknown preparations to be quantified were disrupted by incubation at room temperature for 15 min with ~ % (w/v) SS detergent and serial twofold dilutions prepared in o'o25 M-barbitone acetate buffer, pH 8.6 (Oxoid Ltd) containing 1% (w/v) SS. Thirty-five ml of 1% agarose A37 (Indubiose, l'Industrie Biologique Frangais) dissolved in o'o5 M-barbitone buffer at pH 8.6 and containing monospecific antiserum to the influenza antigen to be quantified was poured on to a glass plate approx. 23 cm x 8.5 cm. The antiserum concentration in the agarose was determined by experiment. Optimum concentrations of antiserum resulted in rocket heights between 4 and 3o mm in length and varied from I #l/ml agarose for rabbit, goat and sheep anti-HA sera to 3o/~l/ml for rabbit anti-M sera. A row of forty 4 mm wells 1.5 mm apart were made in the agar0se approx. 1.5 cm from the longer edge of the plate and 2o/~1 samples of the dilutions of detergent disrupted viruses were added to each well. Wells were not made within 1.5 cm of the shorter side of the plate because of variations in potential difference at the edge. Electrophoresis was carried out in an LKB 21 I7 Multiphor apparatus cooled with circulated water (4 °C) at 8V/cm of agarose for I to 4 h. Under these alkaline pH conditions IgG antibody molecules have been shown to remain stationary in the agarose gel or to migrate slowly towards the two electrodes (Laurell, I965; GraubaUe et al. I977) . Influenza virus antigens under the same conditions in the presence of SS detergent migrated rapidly towards the anode and formed a rocket-shaped immunoprecipitate. In some experiments electrophoresis was carried out at 2-5 V/cm of agarose for I7 h. After electrophoresis the gel was pressed (io g/cm ~) for I5 min under several layers of soft blotting paper, washed in phosphate buffered saline for 2 h, dried at 6o °C for 3o min and stained in o'3 % (v/v) Coomassie blue dissolved in 5o % methanol and lo % acetic acid. Plates were destained in the same solvent. The heights of the stained rocket shaped immunoprecipitates were measured to an accuracy of o-I mm with a calibrating viewer (Transidyne GeneIal Corporation). In preliminary experiments other buffer systems were investigated including o'o75 M-calcium-lactate buffer, pH 8.6, o.i M-or o'o25 M-barbitone buffer, pH8.6, and o.o8 M-barbital-glycine-tris buffer at pH 8-8. These buffers were less satisfactory either because of non-specific precipitation reactions with sodium sarcosyl detergent or because diffuse rocket immunoprecipitates were obtained.
To allow migration of M protein, sodium sarcosyl detergent was required to disrupt I9o Short communications influenza virus. No rockets were obtained when virus was disrupted at room temperature with non-ionic detergents such as 1% (v/v) Triton X-Ioo. Heating virus which has been disrupted in 1% (w/v) SS detergent at Ioo °C for 2 min inactivates other virus coded antigens but had no effect on the rocket size or shape of M protein and confirmed previous studies of the heat stability of the M protein type-specific determinants (Oxford & Schild, I976) . Influenza M protein migrated more rapidly than the other virus antigens when electrophoresed and readily measurable rocket-shaped precipitates with diffuse edges were produced after 45 rain electrophoresis (Fig. 0 . Similarly to the single radial diffusion method for M protein, the area within the immunoprecipitate was inversely proportional to the concentration of antibody in the agarose (Oxford & Schild, 1976) . Quantities of M protein as low as 2 #g/ml could be detected and thus the lower limits of sensitivity of the method were of the same order as the previously reported values of 0"5/zg/ml for human placental lactogen hormone and 2"7 #g/ml for IgA (Bock, I973; I973) .
Matrix protein concentrations in samples for analysis were calculated by comparison to a reference standard influenza A virus preparation with a total protein content of Io mg/ml and M protein content of 22.2 % determined from densitometry tracings of analytical polyacrylamide gels of the virus (Skehel & Schild, I97I) . The reference preparation itself was further calibrated initially by comparison with purified M protein samples of known protein concentration when both samples were electrophoresed on the same plate. In subsequent experiments precise M protein concentrations of test samples were calculated by comparison of their rocket heights with that of the whole virus standard. Similar methods were used for calculation of HA and NP antigen concentrations. Fig. 2 illustrates the quantitative relationship between rocket immunoprecipitate height and antigen concentration for the M and HA antigens. A straight line relationship was obtained when the logarithm of the rocket height was plotted against the logarithm of the M or HA antigen concentrations. Deviation from linearity was noted when concentrations of antigen were very high (rockets greater than 30 mm) or low (rockets less than 4 mm). The concentration of M or HA antigen in an unknown sample was calculated using standard parallel line assay methods in comparison with the standard virus of known M and HA antigen concentration (Finney, 1970. Well defined rocket shaped precipitates were obtained when HA from influenza A/New Jersey/76 (HswiNi) or A/Victoria/75 (H3Nz) viruses were quantified using specific antisera against these antigens (Fig. I b) and minimal concentrations of 1.5/~g/ml HA antigen could be detected. Statistical analysis of the data indicated that the coefficient of variation for within-plate rocket heights was 8.o % of the mean rocket height for antigen concentrations in the range I5 to 4o/~g/ml protein. For the lowest antigen concentrations (2 #g/ml) the coefficient of variation increased to I5 %.
Antiserum prepared against the pmified HA of a particular influenza A virus subtype could be used to measure the HA content of other related viruses of the same subtype, although such viruses showed considerable antigenic change in the strain specific antigenic determinants. Thus, a monospecific antiserum prepared against A/Port Chalmers/r/73 (H3N2) virus was incorporated in the agarose and the heights of the rockets obtained with the homologous virus were compared with those obtained with A/Victoria/75 (H3Nz) and Relatively short, dense rockets were detected with the homologous virus whereas longer, less densely staining rockets were obtained with the two related viruses A/Victoria/75 and A/Hong Kong/i/68. A straight line dose response was obtained for each virus and the single antiserum. Thus antiserum prepared against the HA of a single influenza A subtype may be used to quantify the HA antigen of the other members of the subtype providing that the serum concentration in the gel is increased and that an appropriate homologous virus of defined HA content is used as a standard. Similar results with a single antiserum for the assay of viruses of the A[Hong Kong/I/68 subtype have been obtained using the single radial diffusion test (Wood et al. I977) . Essentially similar quantitative results were obtained for determinations of the typespecific nucleoprotein antigen except that the rocket immunoprecipitates had more sharply defined precipitate margins similar to those obtained with HA antigen (Fig. I e) . In contrast to M protein, 1% (v/v) Triton X-Ioo could be used as an alternative detergent to sodium sarcosyl to disrupt virus particles before electrophoresis for determinations of NP antigen.
Rockets were obtained when a specific antiserum to virus NA was incorporated in the agarose at a concentration of 3 #l/ml agarose and electrophoresis carried out at 8 V/cm for 4 h. A linear dose response was obtained when the logarithm of the rocket height was plotted against the logarithm of the NA antigen dilution and concentrations of NA could be calculated by comparison with the standard reference virus as described above for the HA antigen. However, the rockets were faint and poorly defined compared to rocket immunoprecipitates obtained with the HA, NP and M antigens. Further work is in progress to provide more potent antisera to virus NA antigen.
When concentrations of monospecific antisera in the agarose were suitably adjusted the method was used to assay two influenza virus antigens simultaneously. Thus, with relatively low concentrations of NP antibody in the agarose long rockets were obtained, whereas the incorporation of higher concentrations of anti-HA antibody resulted in shorter, easily distinguishable dense rockets within the longer NP immunoprecipitates. No interference was detected between the two immunoprecipitates when two viruses were tested in parallel. Thus, samples containing equivalent protein concentrations of the avian virus 'N' and A/Victoria/75 (H3N2) virus were tested in an immunoelectrophoresis plate containing a mixture of anti-NP antiserum and antiserum prepared against the H3 subtype of haemagglutinin. A single NP antigen rocket was obtained with 'N' virus, whereas two rocket (NP and HA) immunoprecipitates were obtained with the A/Victoria]75 virus. Rocket heights for NP activity were comparable for the two viruses and were also identical when the NP activity of both viruses was assayed in plates containing only antiserum to NP antigen. The method was also used to assay simultaneously M and HA antigens in a virus preparation.
Influenza antigens, particularly HA, can be quantified by single radial diffusion, where the virus antigens move from the well into the antibody-containing agarose gel by simple diffusion over a period of ~5 to 24 h (Schild et al. 2976; Schild, Wood & Newman, 1975) . However, rocket immunoelectrophoresis allows much more rapid quantification in I to 4 h than SRD. The within-plate reproducibility of the two methods for the detection of concentrations of HA antigen in the range I5 to 4o/zg/ml protein are comparable and approximate to 5 to 8 ~o coefficient of variation. Both SRD and rocket immunoelectrophoresis allow the detection of approx. 2/zg/ml of influenza antigens. Immunoelectrophoresis may be a useful method for the accurate and rapid assay of influenza vaccines (R. Mayner, personal communication) and also other virus vaccines where specific antisera against virus subcomponents can be prepared, such as rabies (Crick & Brown, I97O) , measles (Hall & Martin, 1974) and adenovirus (Mautner & Willcox, 1974) . In preliminary experiments we have used the method for the assay of the M, NP, HA and NA contents of a number of fl-propiolactone inactivated bivalent and subunit influenza vaccines (Oxford et al. 1977) and also for the analysis of sucrose gradients containing influenza antigens.
